Objective Although Oshima, in the Kii Peninsula of Japan, is located within a high incidence area of amyotrophic lateral sclerosis (ALS) (Koza/Kozagawa/Kushimoto area, K area), no patients with ALS were detected between 1960 and 1999. However, the incidence recently increased between 2000 and 2009. On Oshima, the source of drinking water was changed from a regional river/wells to the Kozagawa River in the K area in 1975. We speculate that this change in water source may have played a role in the recent increase in the incidence of ALS. The aim of this study is to find contributing factors that may have triggered the locally high incidence of ALS. Methods We investigated a possible association between the mineral content of drinking water and serum and oxidative stress markers among patients with ALS in the K area (K-ALS), residents of Oshima and controls. Results We found that the levels of Ca and Zn in the recent drinking water in Oshima are low and that the serum levels of Ca and Zn in the Oshima residents and patients with K-ALS were significantly lower, while the oxidative stress markers were significantly higher, than those of the controls. The serum Zn and urinary 8-OHdG/creatinine levels explained 60% and 58% of the variations among the three groups, respectively. The serum Zn levels were negatively correlated with the serum Cu levels in the patients with K-ALS, and the serum Cu levels exhibited a tendency to be positively correlated with the 8-OHdG/creatinine levels in both the patients with K-ALS (r: 0.64) and the residents free from K-ALS (r: 0.32, p<0.01). Conclusion Taken together, we suggest that the low levels of Ca and Zn in the drinking water are possibly associated with an imbalance of metal metabolism in Oshima residents and an increase in oxidative stress markers in patients with K-ALS, although the causative relationship is not clear. This is a cross-sectional study, and a prospective study is needed in the future.
. Geography of the Koza/Kozagawa/Kushimoto area and Oshima and the distribution of patients with ALS. The Koza/Kozagawa/Kushimoto (K) area is located in the southern part of the Kii peninsula of Japan. Oshima is included in the K area and is an island opposite to the mainland K area.The control area (#) is located in the northern part of the Kii peninsula. ALS patients in the K area detected between 2000 and 2009 who participated in the present research are shown.
•: a patient with ALS
Introduction
Amyotrophic lateral sclerosis (ALS) is a lethal, devastating adult-onset degenerative disease of the upper and lower motor neuron systems of unknown etiology. Many mechanisms have been postulated in the pathogenesis of ALS, including oxidative stress, accumulation of intracellular aggregates, mitochondrial damage, dysfunction in axonal transport, growth factor deficiency, aberrant RNA metabolism, glial cell pathology and Ca-induced excitotoxicity, and it is strongly suggested that interactions between environmental factors and genetic factors are involved in the development of ALS (1, 2) . The Koza/Kozagawa/Kushimoto (K) area (the southern part of the Kii Peninsula) of Japan exhibited a 10-fold higher incidence of ALS compared to other areas of the world in the 1950s and 1960s, as did Guam (3) (4) (5) (6) . Then, the incidence gradually decreased, and the high incidence focus disappeared in Guam in the 1980s (7) . However, the incidence of ALS in the K area recently increased to two-to three-fold higher than that observed in other areas (8, 9) . On Oshima, a small island opposite the mainland K area, where the source of drinking water was changed from a regional river, wells and rainfall to the Kozagawa River in the mainland K area in 1975, we found three patients with ALS after 2000 despite the lack of patients with ALS between 1960 and 1999. The basin area from the Kozagawa River has been reported to be a high-incidence area of ALS in the 1950s and 1960s (5, 10, 11) . We speculate that the change in water source may consequently have played a role in the appearance of new ALS patients in this area. Aiming to find contributing factors that may have triggered the locally high incidence of ALS, we cross-sectionally investigated a possible association between the drinking water mineral content and the serum mineral levels in residents and patients with ALS in the K area, with special reference to oxidative stress markers.
Materials and Methods

Area of investigation
The Kii Peninsula is located in the central southern part of the Japanese mainland (Fig. 1) . Wakayama Prefecture 2 ) is an island opposite the mainland K area and is municipally included in the K area. The water source of the mainland K area is the Kozagawa River. On Oshima, the source of drinking water had been regional rivers, wells and rainfall before 1975; however, this was changed to the Kozagawa River after waterworks were installed in 1975. Oshima is a rather isolated, hotel-free and restaurant-free rural area dependent in large part on locally produced food and fishing. There is a local public healthcare and welfare center, a local public hospital, two private hospitals and 19 medical clinics in the K area.
The control area is a small village, Hanazono, located in the northern part of the Kii Peninsula (Fig. 1 ). This is a mountainous area where people work in agriculture, forestry and recently tertiary industries. The water source is the local river, and there were no patients with ALS in this area between 1960 and 2009.
Measurement of mineral elements in the water
In 2009, two-liter water samples from waterworks (drinking water), a regional river and wells from the mainland K area, Oshima and the control area were collected in polyethylene bottles treated with 10% hydrochloride to prevent contamination. Drinking water samples were collected at four points in the mainland K area, three points on Oshima and three points in the control area. The concentrations of Ca, Mg, Mn and Fe were determined using inductively-coupled plasma spectrophotometry (ICP), those of Al, Cu, Zn, Mo, Se and Pb were determined using inductively coupled plasma-mass spectrometry (ICP-MS), and that of Hg was determined using atomic absorption spectrophotometry.
Measurement of elements in the serum and urine of residents and patients with ALS in the K area
Blood and urine samples were collected from healthy inhabitants over 60 years of age on Oshima and in the control area and patients with probable or definite ALS in the K area (K-ALS). The patients were diagnosed based on the El Escorial criteria for ALS (12) by neurologists in our team at Wakayama Medical University between 2000 and 2009. These participants underwent annual public regional medical examination checkups, including blood chemistry, and participated in this research voluntarily with informed consent. The urine and blood samples were obtained in the morning before breakfast (urine: between 06:30-07:30, blood: 09:00-10:30). The serum concentrations of Ca, inorganic phosphorus, intact parathyroid hormone (PTH), Zn, Cu and 8-hydroxy-2'-deoxyguanosine (8-OHdG) in the urine samples were determined. The methods used in this analysis were the orthocresolphthalein complexone (OCPC) method for Ca, the molybdic acid ultraviolet absorption method for inorganic phosphorus, electrochemiluminescence (ECLIA) for intact PTH, atomic absorption spectrophotometry for Zn and Cu and ELISA for 8-OHdG. The present research was approved by the ethics committee of Wakayama Medical University (No. 289) and the Kansai University of Health Sciences (No. 10-03).
Statistics
The differences in mean values and ratios were examined using a one-way analysis of variance, the unpaired t-test for continuous variables or the Mann-Whitney test. Two-sided p values of <0.05 were considered to be significant. The statistical analyses were conducted using the Statistical Package for the Social Sciences version 14.0 (SPSS Japan, Inc.).
Results
Measurement of mineral elements in the water
The mean concentrations of minerals in the drinking water on Oshima are shown in Table 1 . The mean Ca level of the drinking water on Oshima was significantly lower than that observed in the control samples. The levels of Mg, Cu and Zn in the drinking water on Oshima were also low compared to those observed in the control samples. The concentrations of Fe, Al and Mn in the drinking water were not different between these areas (data not shown). The regional river and well water that was utilized for drinking on Oshima contained higher levels of Ca and Mg, similar to the control samples, than those observed in the Kozagawa River water and Kozagawa well water. The drinking water in the mainland K area also contained lower Ca levels than the control samples. Hg, Se, Pb and Mo were not detected in any water samples. -residents) , the ALS patients in the K area (K-ALS) and the controls.The serum Ca concentrations in the Oshima residents (p<0.05) and the patients with K-ALS (p<0.01) were lower than those observed in the controls. The mean serum concentrations of inorganic phosphorus and intact PTH in the Oshima residents were higher than those observed in the controls (p<0.05); meanwhile, the levels observed in the patients with ALS exhibited wide variation. The mean serum Zn concentrations in both the Oshima residents and patients with K-ALS were markedly lower than those observed in the controls (p<0.01, respectively). The bar indicates the mean±S.E. 
Measurement of elements in the serum and urine of residents and patients with K-ALS
Fifty-one residents of the control area, 146 residents on Oshima and nine patients with K-ALS participated in this research (Table 2) . Among the patients with K-ALS, the median duration between the onset of the first symptom and the measurement of elements was 36 months (range: 15 to 240 months). The patients with K-ALS exhibited lower Ca levels (p<0.01), lower ionized Ca levels (p<0.01) and lower Zn levels (p<0.01) than the controls. The intact PTH levels of the patients with K-ALS were not different from those of the controls, and the serum levels of inorganic phosphorus and Cu exhibited wide variation. In the residents of Oshima, the serum levels of Ca (p<0.05) and Zn (p<0.01) were also lower than those of the controls; however, the levels of inorganic phosphorus (p<0.05) and intact PTH (p<0.05) were higher than those of the controls, and the levels of ionized Ca were not different from those of the controls (Fig. 2) . The Cu/Zn ratio, which is reported to be a marker of oxidative stress (13, 14) , was higher in the patients with K-ALS and the Oshima residents than in the controls (p<0.01, respectively) (Fig. 3 ). The 8-OHdG level was determined in the patients with K-ALS (all nonsmokers) and non-smoking residents. The mean level of 8-OHdG in the patients with K-ALS was the highest among the three groups (p<0.01), and that of the Oshima residents was higher than that of the controls (p<0.05). The mean level of 8-OHdG/creatinine (adjusted for creatinine) was the highest in the patients with K-ALS among the three groups (Fig. 3) . The contribution ratios of elements for variance among the patients with K-ALS, the Oshima residents and the controls were analyzed. The serum Zn levels and urinary 8 OHdG/creatinine levels exhibited high contribution ratios (0.60, 0.58, respectively) ( Table 3 ). The serum Zn levels were significantly positively correlated with those of serum Ca (r: 0.72), inorganic P (r: 0.57) and Fe (r: 0.76) and negatively correlated with those of serum Cu (r: -0.61) in the patients with K-ALS. In the residents free from ALS, the serum Zn levels were positively correlated with the serum levels of Ca (r: 0.24), Fe (r: 0.31) and albumin (r: 0.42), similar to that observed in the patients with K-ALS, and negatively correlated with age (r: -179) and the levels of intact PTH (r: -0.24), inorganic P (r: -0.27) and urinary 8-OHdG (r: -0.25) ( Table 4 ). The 8-OHdG/creatinine levels exhibited a positive correlation with the serum Cu levels in both the patients with K-ALS (r: 0.64) and the residents free from ALS (r: 0.32, p<0.01) and a negative correlation with the serum intact PTH levels (r: -0.74) in the patients with K-ALS.
Discussion
After the water supply was sourced from the Kozagawa River in the mainland K area in 1975, the drinking water on Oshima became markedly low in Ca, Mg, Cu and Zn, similar to that observed in the mainland K area (5, 10). Meanwhile, the water samples from wells and the regional river on Oshima, which had been used on Oshima before 1975, contained high levels of Ca and Mg.
The residents of Oshima exhibited lower serum Ca and Zn levels accompanied by higher inorganic phosphorus and intact PTH levels than the controls, while their ionized Ca levels were maintained at the levels observed in the controls. These results may be explained as a reaction to low intake of Ca and Zn. The low serum Ca and high intact PTH levels of the Oshima residents are compatible with our previous findings in residents of the Koza/Kozagawa area (a highincidence area of ALS in which the drinking water contained markedly low levels of Ca) who exhibited low serum Ca levels regardless of sufficient intake from food, according to a self-administered food frequency questionnaire survey (15) . Epidemiological studies of the relationship between tap water magnesium and calcium concentrations and various diseases have been conducted; however, conflicting results have been reported (16) (17) (18) . Although prospective studies of metabolic balance, including the mineral levels in drinking water, food and serum, are necessary, the present findings in residents of Oshima may be partly explained by the recent change in drinking water source.
The patients with ALS in the K area exhibited severely low serum ionized Ca as well as serum total Ca and Zn levels without significant elevation of the intact PTH levels, which is significantly different from that observed in the Oshima residents. The low levels of intact PTH observed in the patients with K-ALS may be due to exhaustion of the parathyroid gland due to a possible longstanding Ca imbalance, wide fluctuation of the serum element levels or an unknown indigenous vulnerability in mineral metabolism, although the mechanisms were not clear.
The levels of Zn and 8-OHdG/creatinine explained 60% and 58% of the variance observed among the patients with K-ALS, the Oshima residents and the controls. Urinary 8-OHdG, an oxidized nucleoside of DNA, is excreted in the urine upon DNA repair and is regarded to be not only a biomarker of generalized cellular oxidative stress, but also a risk factor for cancer, atherosclerosis and diabetes (19) . The levels of 8-OHdG/creatinine in morning spot urine are reported to correlate with the 8-OHdG levels in 24-hour pool urine (20) . We herein reported for the first time that the morning spot urinary 8-OHdG and 8-OHdG/creatinine levels were significantly higher in the patients with ALS in the K area than in the controls. Increases in the levels of urinary 8-OHdG have been reported in patients with ALS/PDC (parkinsonism-dementia complex) in Hohara, another highincidence area of ALS/PDC in the Kii peninsula (21), patients with spinal and bulbar muscular atrophy (22) and patients with Parkinson's disease (23) . In the future, it is necessary to study whether increases in the levels of 8-OHdG and 8-OHdG/creatinine are specific to ALS patients in this area. The Cu/Zn ratio is also regarded to be an oxidative stress marker (13, 14) , and competition between Zn and Cu for absorption sites in the gut and an antagonistic correlation between Zn and Cu have been previously observed in healthy subjects and patients with various diseases (24, 25) . Zn deficiency has been reported to affect DNA damage and DNA repair (26) , decrease the antioxidant defense system and increase oxidative stress in the erythrocytes of rats (27) . Marginal Zn deficiency impairs Ca utilization in rats (28) , and coupled Ca and Zn dyshomeostasis increases oxidative stress in rat cardiac myocytes (29) . Significant increases in the Cu ion levels have been found in the spinal cord in a mouse model of ALS. In addition, Cu-chelating drugs extended the lifespan of mice, while Cu nanoparticles easily enter the brain and exert heavy metal-induced neurotoxicity in experimental animals (30, 31) . Interactions among Ca, Zn, Cu and other trace metals are important for mineral homeostasis (32) , and imbalances among trace metals are toxic, leading to neuronal apoptosis (33) .
In the present study, low serum Zn and Ca levels, high Cu/Zn ratios and high urinary 8-OHdG levels were commonly found in the patients with ALS in the K area and the Oshima residents. The serum Zn levels were negatively correlated with the serum Cu levels in the patients with ALS, while the serum Cu levels exhibited a tendency towards a positive correlation with the urinary 8-OHdG/creatinine levels in both the patients with ALS and the residents free from ALS. Taken together, the relative Cu excess compared to the Zn levels may be associated with a risk of increasing oxidative stress in the patients with K-ALS and also possibly in the Oshima residents (13, 14) , although the mechanism is unclear. It has been suggested that severely low levels of Ca and Zn in the river and drinking water are an environmental characteristic of this area that may have some sort of association with the lower levels of serum Ca and Zn and the higher oxidative stress markers observed in the residents and patients with ALS in the K area compared to that observed in the controls, although the causal relationship is unclear. Whether these environmental characteristics play a role in susceptible subjects with possible genetic vulnerabilities to ALS in this area (34) (35) (36) should be investigated in future prospective studies.
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